ABSTRACT: A new Myxosporea, Kudoa paralichthys n. sp., is described from the brain of cultured olive flounder Paralichthys olivaceus in South Korea. Mature spores were quadrate in apical view, measuring 5.19 ± 0.54 µm in length, 8.23 ± 0.50 µm in width, and 6.87 ± 0.45 µm in thickness. Four valves were equal in size, each with 1 polar capsule. Polar capsules were pyriform in shape, measuring 2.2 ± 0.22 µm in length and 1.2 ± 0.14 µm in breadth. The sporoplasm consisted of a larger outer cell completely surrounding a smaller inner one, and had cytoplasmic projections. The junctions of shell valves were L-shaped. The sutural planes converged at the anterior ends of the spores and were associated with 4 small apex prominences in the central meeting point of the spores. 
INTRODUCTION
Species of the genus Kudoa Meglitsch, 1947 are myxosporean parasites with 4 valves, each of which contains a polar capsule, and 46 identified species are recorded within the genus (Moran et al. 1999 , Pampoulie et al. 1999 , Swearer & Robertson 1999 . Most Kudoa species are seen in the skeletal musculature and have been associated with post-mortem myoliquefaction in commercially important marine fishes (Moran et al. 1999 ). The few remaining species have been described from tissues that include the gills, brain, gall bladder, pericardial cavity and ovary (Lom & Dyková 1992 , Swearer & Robertson 1999 .
Three species, including 1 unidentified species, of Kudoa -K. cerebralis, K. tetraspora and Kudoa sp.-have been reported from the brain of marine and brackish fishes (Paperna & Zwerner 1974 , Narasimhamurti & Kalavati 1979 , Langdon 1990 . In the present study, we found the new species K. paralichthys from the brain of cultured olive flounder Paralichthys olivaceus, and described its spore morphology and ultrastructural characteristics.
MATERIALS AND METHODS
Juvenile olive flounder Paralichthys olivaceus (25 cm average body length) were taken from commercial farms in South Korea. Squash preparations of fresh tissues from brain were examined by light microscope. Descriptions and measurements of spores were performed according to the guidelines for species description of myxosporeans by Lom & Arthur (1989) , and by using a light microscope equipped with an ocular micrometer and image analysis software (ImageTool ver 2.0, UTHSCSA). Mean and standard deviations of each spore characteristic were obtained from 50 fresh mature spores.
For the transmission electron microscopy study, portions of the brain tissue were fixed in 2% v/v glutaraldehyde in 0.1 M cacodylate buffer (pH 7.2) at 4°C overnight, and postfixed in 1% w/v cacodylic OsO 4 for 2 h. The specimens were dehydrated, embedded in epoxy resin (Spurr) and ultrathinsectioned, stained with uranyl acetate and lead citrate, and examined by a JEOL JEM1200 transmission electron microscope. 
RESULTS

Spore characteristics of
Transmission electron microscopy
The earliest stage observed was a sporoblast containing voluminous valvogenic cells and a clearly delineated sporoplasm (Fig. 3A) . The sporoplasm consisted of a larger outer cell completely surrounding a smaller inner one, and had cytoplasmic projections (Fig. 3A) . Valvogenic cells became elongated and flattened as the development of capsulogenic cells progressed (Fig. 3B) . A bulbous capsular primordium had an electron-dense core, and was closely associated with the external tubule (Fig. 3B,C) . The disappearance of the external tubule coincided with the presence of the coiled internal polar filament. Capsulogenic cells had distended cisternae of rough endoplasmic reticulum (ER) and numerous mitochondria (Fig. 3D) . The sutures between the 4 valvogenic cells were L-shaped in both longitudinal and crosssectioned specimens (Fig. 4A-C) . The sutural planes converged at the anterior ends of the spores and were associated with 4 small apex prominences in the central meeting point of the spores (Fig. 4D) .
DISCUSSION
Based on spore dimensions, host species, site of infection, and geographic location, the present myxosporean is a new species of the genus Kudoa that we describe as K. paralichthys. The only 3 Kudoa species found in the brain tissue of fish in past studies were K. cerebralis from the striped bass Morone saxatilis (Paperna & Zwerner 1974) , K. tetraspora from the mullet Mugil cephalus (Narasimhamurti & Kalavati 1979) , and Kudoa sp. from the barramundi perch Lates calcarifer (Langdon 1990) . K. paralichthys n. sp. is clearly distinguished from K. tetraspora and Kudoa sp. by the smaller spore and polar capsule sizes (Table 1) . Although the spore dimensions of K. paralichthys are similar to those of K. cerebralis, it can be distinguished from K. cerebralis by the difference in ratio between length and width of polar capsules. The latter species clearly has longer polar capsules compared to K. paralichthys.
In the present ultrastructural study, Kudoa paralichthys had 2 uninucleated sporoplasms, represented by one cell enveloping the other completely. This doublet cell structure of sporoplasm has also been reported in other Kudoa species by electron microscopical observations (Stehr 1986 , Lom & Dyková 1988 , Dyková et al. 1994 . The processes extended from the sporoplasm of K. paralichthys have not been observed in any other Kudoa species. However, we could not know their exact biological meanings. The presence of an external tubule in early developmental stages of capsulogenic cells, and the disappearance of the tubule according to the maturation of capsular primordium, were also found in other myxosporean species (Lom & Dyková 1988 , 1996 , Sitja-Bobadilla & Alvarez-Pellitero 1992 , 1993a . Lom & Dyková (1988) reported that the junction of shell valves of K. lunata was oblique. In K. paralichthys, the junctions of shell valves were not oblique but L-shaped. 
